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FOREWORD

The need for more rapid techniques to evaluate concrete quality
has long been recognized. Recent concerted efforts have resuited in
the development of rapid (less than 15 min) field methods for deter-
mining the water and/or cement contents of fresh concrete. Several of
these test methods are ready for general field use; however, the
potential users are not aware of the current state-of-the-art. Rec-
ognizing this situation, the Materials Systems and Science Division
(MS) of the Construction Engineering Research Laboratory (CERL),
Champaign, IL, initiated plans for a conference to acquaint potential
users with recent developments in field techniques by means of formal
presentations and equipment demunstrations.

The papers contained in these proceedings are arranged in order of
their presentations at the conference. The first session presented
papers about chemical-mechaniral techniques to determine water and
cement content, as well as data relating water and cement content test
results to concrete strength potential. The second session presented
papers about nuclear techniques to determine water and cement contents
of fresh concrete.

CERL personnel actively engaged in the conference development,
planning, and conduct were: Mr. P. A. Howdyshell, Construction Mate-
rials Branch (MSC); Dr. G. R. Williamson, Chief, MSC; Ms. C. Bennett,
MSC; and Mr. R. Muncy, MS Testing Branch.

Appreciation is extended to the speakers who not only took the time
to prepare and present papers, but also assisted with the equipment
demonstrations. Assistance with the editing and preparation of the
proceedings provided by the CERL Technical Information Branch is appra-
ciated.

Mr. J. J. Healy is Chief of MS, COL M. D. Remus is Commander and
Director of CERL, and Di. L. R. Shaffer is Deputy Director.
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ABSTRACT

Quite a few methods have been recommended in the technical liter-
ature for the determination of the cement and water contents as well
as the water/cement ratio of a fresh concrete. This not only shows
the importance of the problem but the fact that none of the existing
methods is completely satisfactory for engineers.

This paper discusses several of the published methods for deter-
mination of cement content, including the well-known Dunagan method
and some of its variants, another mechanical method based on consis-
tency measurements by two different techniques, and two physicochemi-
cal methods.

Although drying is simplest method for determining water content
it is not accurate enough. Other methods of estimating the water
content include calculating the weight of the solids in the concrete,
using chemical means; measuring the electrical resistance or capaci-
tance, or the thermal conductivity or the microwave absorption; and
performing repeated consistency tests. The methods suggested for
determination of the water/cement ratio are measuring essentially
the water content.

Further research concerning the analysis of the composition of
fresh concrete is clearly indicated.




DETERMINATION OF THE COMPOSITION OF FRESH
CONCRETE BY NONNUCLEAR MEANS

by
Sandor Popovics
INTRODUCTION

With the increasing speed of construction, the larger volumes of
concrete that are now placed at one time, and the emphasis on quality
control, the need for factual evidence of the suitability of the con-
crete at the earliest possible stage in the production cycle becomes
increasingly important. The use of a convenient method of analyzing
the fresh concrete can not only confirm compliance with the specified
composition of the mixture but also enable early corrective action.

The three usual reasons for analyzing the composition of a con-
crete are:

1. To see to what extent the composition complies with the
specifications

2. To check within-batch or between-batch uniformity of a con-
crete

3. To estimate the strength potential of the concrete.

To meet any of these go2ls, it is considered that the ideal
method of analyzing fresh concrete should comply witk the following
requirements:!s?

1. It should provide the cement and water contents with an ac-
curacy of, say, 1 percent and with an adequate reproducibility

! Kenny, R. A. and Tulloch, B.M.L.G., "Analyzing Fresh Concrete,"
Conerete, Vol 6, No. 3 (March 1972), pp 23-27.

2 Forrester, J. A., "Review of Techniques for the Rapid Analysis of
Fresh Concrete," Departmental Note, DN/4008 (Cement and Concrete

Association, London, October 1968).
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2. No prior detailed knowledge of the properties of the aggregate
or cement should be required

3. It should be suitable for use with a wide range of different
types of aggregate and cement

4. It should be capable of being carried out rapidly, preferably
within 10 minutes

5. It should be operable by trained but not necessarily highly
qualified personnel

6. It should be suitable for use in the field and acceptable to
engineers

7. It would be desirable for the separated mixture-constituents
to be available for inspection

8. It should use robust apparatus capable of automation

9. It should be relatively cheap in terms of manpower, apparatus
and materials requirements.

The importance determining the composition of fresh concrete is
indica’ed by the fact that numerous principles have been suggested and
quite a few test methods have been developed for this purpose. Unfor-
tunately, none of them comply with all the requirements listed above.
Therefore, further effort to find a more practical method for the
analysis of fresh concrete is clearly justified.

Some of the principles and methods available in the literature are
discussed below. For all these methods two points should be kept in
mind: (1) the sampling of fresh concrete should be performed very
carefully and (2) the test has to be commenced virtually as soon as the
concrete has been discharged from the mixer because loss of water can
occur even if evaporation is prevented, for instance by the hydration
of the cement.®

DETERMINATION OF THE CEMENT CONTENT

The first method for determining the cement content in the fresh

3 Neville, A. M., "Analysis of Fresh Concrete," Concrete, Vol 7, No. 3
(March 1973) p 37.




concrete was offered probably by Griesenauer and then by Dunagan.®»®
Briefly, this method consists of weighing an 8- to 10-1b (4 to 5 kg)
sample of concrete in air; weighing it under water, with which it is
diluted; and wet-screening it through the No. 4 (4.75 mm) and No. 100
(0.15 mm) sieves. Computations involve the specific gravity of the
materials, the amount of aggregate retained on the No. 4 and No. 100
sieves, and the amount of cement passing the No. 100 sieve. Correc-
tions may be made for absorption of aggregate and for overlapping
particle sizes (such as cement and silt) as determined by separate
tests on materials used in the concrete.

This method has been used quite extensively’»8s2s10s11 apngq the
principle of wet screening for determination of the cement content has
been accepted in several standards.!?»!3s>!* This writer's experience
with the Dunagan method has been favorable as long as the aggregate
came from the same source, the -ame skilled technician performed the
test, and the length of testing time was not a problem. Others have

* Griesenauer, G. J., "A Substitute for the Compression Test of Con-
crete: A Method for Determining the Composition and Quality of
Concrete While in Its Plastic State," Engineering News-Record, Vol
103, No. 22 (1929), p 846.

> Dunagan, W. M., "Proposed Method of Test for the Field Determina-
tion of the Constituents of Fresh Concrete,”" Proceedings, ASTM, Vol
31, Part I (1931), pp 383-385.

¢ Dunagan, W. M., "Method of Determining the Constituents of Fresh
Concrete." Proceedings, ACI, Vol 26 (1930), pp 202-210.

7 Nettles, H. R., and Holme, J. M., "A Study of the Analysis of Fresh
Concrete with the Dunagan Buoyancy Apparatus,” Proceedings, ASTM,
Vol 33, Part I (1933), pp 297-307.

® Blanchette, W. A., "Washing Machine Designed for Use in Determinin
Constituents of Fresh Concrete," Public Roads, Vol 13, No. 9 (1932?.
p 151.

® Cook, G. C., "Effect of Time of Haul on Strength and Consistency of
Ready-Mixed Concrete," ACI Journal, Proc. Vol 39 (1952) pp 413-428.

10 Hullister, S. C., "Tests of Concrete from a Transit Mixer,"
Proceedings, ACl, Vol 28 (1952), pp 405-417.

11 gtater, W. A., "Tests of Concrete Conveyed from a Central Mixing
Plan," Proceedings, ASTM, Vol 31, Part II (1931).

12 British Standards Institution, "Methods of Testing Concrete," BS
1881:1952.

13 DIN 52171, "Stoffmengen und Mischungverhaltnis im Frisch-Mortel und
Frisch-Beton" (Material Quantities and Mix Proportion in Fresh
Mortar and Concrete) (German Standard, 1961).

1% MNOSZ 4714 T, "Friss betonkeverek vizsalata," (Methods of Testing
for Fresh Concrete), Magyar Nepkoztarsasagi Orszagos Szabvany
Tervezet (Hungarian Standard, 1955).




reported their views on this method or on some of its modifications
with varying degrees of support,!5,1¢,17,18,19

The test method specified in B.S. 1881: Part 2: 1970, was es-

sentially developed by Kirkham?® and is a variant of the Dunagan method.

It requires that the analysis of the concrete be supplemented by tests
on the fine and coarse fractions of the aggregate concerning specific
gravity, absorption, and grading. The weights of fine and coarse ag-
gregate are determined by weighing in water, and the weight of cement
is obtained as a difference between the weight in water of concrete and
of the aggregates.

A variant of this method is when the particles passing the sieve
No. 199 (0.15 mm) are collected into a container and their weight is
determined directly rather than as a difference.?!»22 In other vari-
ants, the material wet-screened through sieve No. 100 is separated out
by filtering and pressing dry,?23

A recent mechanized apparatus begins with the elutriation of a
weighed sample of concrete with water, whereby cement and other fine
particles are separated as a slurry. This is followed by sub-sampling,
flocculation, and measurement of the cement by weight in a constant
volume vessel. The process reportedly takes 5 minutes.2?"

15 Thaulow, S., "Field Testing of Concrete," (Norsk Cementforening,
Oslo, 1952).

16 vollick, C. A., "Uniformity and Workability," Significance of Tests
and Properties of Concrete and Concrete Making Materials, ASTM
Special Technical Publication No. 169-A, (1968), pp 73-89.

17 Covault, D. 0., and Poovey, C. E., "Use of Neutron Activation to De-
termine Cement Content of Portland Cement Concrete," Construection of
Conerete Pavement, Bulletin 340, H'ghway Research Board (1962),
pp 1-29.

18 Lorman, W. R., "Plastic Concrete Quality Control," Technical Note
N-395 (U.S. Naval Civil Engineering Laboratory, 1961).

19 Lorman, W. R., "Verifying the Quality of Freshly Mixed Concrete,"
Proceedings, ASTM, Vol 62 (1962), pp 944-959.

20 Kirkham, R.H.H., "The Analysis of Fresh Concrete," Concrete and
Constructional Engineering, (February 1949).

21 Laing, J., "Simple but Precise Method for the Rapid Analysis of
Fresh Mixed Concrete," RILEM Bulletin, No. 22, (New Series) (Paris,
March 1964), p 59.

22 Tyrton, C. D., "Rapid Analysis of Freshly Mixed Concrete," Engi-
neering, Vol 191, No. 4960 (May 12, 1961), p 659.

23 Bavelja, R. A., "A Rapid Method for the Wet Analysis of Fresh Con-
crete," Conerete, Vol 4, No. 9 (September 1970), pp 351-353.

2% Forrester, J. A., and Lees, T. P., Apparatus for the Rapid Analysis
of Fresh Concrete to Determine its Cement Conten’, Technical Report
No. 42.490 (Cement and Concrete Association, London, 1974), pp 15.
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Another method 1s based on determining the density of a cement
suspension.?® After washing a sample of fresh concrete over a No. 100
sieve, hydrometer readings are recorded of the suspension collected.
By reference to a control curve obtained from nydrometer readings of
water in which known quantities of cement are suspended, the amount of
cement can be determined.

In all these methods calculation of the cement weight has to in-
clude a correction for the silt and dust in the aggregate as determined
by a sieve analysis on the aggregate samples. Other methods for the
separation of cement and very small aggregate particles utilize the
difference in the specific gravity of the two materials by applying a
suitable heavy media and/or centrifugation.?®,27,28,2% The centrifuge
test appears more suitable for laboratory investigations of a mixer
performance than as a field test for cement content.

Another method developed by Kelly and Vail®® also begins with wet
sieving. A set of two sieves, No. 4 (4.75 mm) and No. 50 (0.30 mm) are
arranged over a single tub washing machine which has an impeller type
agitator and a pump to circulate the contents continuously via an out-
let hose through the sieves. A kilogram (2.2 1bs) of fresh concrete is
placed in the top sieve and the machine is filled with a known volume
of water. The cement and sand are separated from the coarse aggregate
by the jet of water coming from the hose, and the material passing the
No. 50 sieve is held in suspension by the agitator and continuous
circulation. This slurry is sampled by an automatic pipette system
which contains a dispenser for a measured quantity of nitric acid. The
sample and nitric acid are washed with a known volume of water into a
mixing cup where the contents are stirred vigorously and an acid

25 Murdock, L. J., "The Determination of the Properties of Concrete,"
Cement and Lime Manufacture, Vol 21 (1958), pp 91-96.

26 Hime, W. G., and Willis, R. A., "A Method for the Determination of
the Cement Content of Plastic Concrete," ASTM Bulletin, No. 209
(October 1955), pp 37-43.

27 Waiker, S., Bloem, D. L., Gaynor, R. D., and Wilson, J. R., "A
Study of the Centrifuge Test for Determining the Cement Content of
Fresh Concrete," Materials Research and Standards, ASTM, Vol 1,
No. 6 (June 1961).

28 gloem, D. L., Gaynor, R. D., and Wilson, J. R., "Testing Uniformity
of Large Batches of Concrete," Proceedings, ASTM, Vol 61 (1961),
pp 1119-1140.

29 Kelly, R. T. and Vail, J. W., "Rapid Analysis of Fresh Concrete,"
Conerete (April 1968), p 140, (May 1968) p 206.

39 Howdyshell, P. A., Evaluation of a Chemical Technique to Determine
Water and Cement Content of Fresh Concrete, Presented at the 54th
Annual Meeting of the Transportation Research Board, Washington,

D.C., January, 1975.
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solution is produced. An aliquot of the solution is taken and its
calcium content is measured by means of a flame photometer, calibrated
with a known acid solution of cement. This technique is sensitive to
the type of aggregate, especially when the con:rete contains 1imestone
in significant quantity. Otherwise the Kelly-Vail method appears to
be a good practical method for the determination of cement content.?!
Other methods of treating cement may also be considered, such as com-
plexing it in organic acids or weak inorganic acids that leave calcium
carbonate unattacked but these need further research.

Two additional physicochemical methods for determining the cement
content were developed by Chadda.3? 1In the first method, the cement
content is estimated by an electrical conductimetric method based on
the determination of conductivity of water in which known quantities of
unset cement-sand mixture have been shaken. From a standard curve
showing the relationship between cement concentration and conductivity,
the cement content of a sample can be interpolated from its conductivi-
ty measurement. The second method for determining the cement content
is based on the differential absorption characteristics of cement and
sand particles. The percent absorption increases as the concentration
of cement increases in the mixture. However, the applicability of
these methods has yet to be established. One can reason, for instance,
that the conductivity of a fresh concrete depends perhaps more on the
water content than on the cement content.

Another principle, suggested by Popovics?® involves testing the
same batch of concrete by two different consistency tests, e.g., the
penetration test and the remolding test. Pertinent formulas indicate
that if the penetration measure of the concrete is, say, 4 in. (10 cm),
and its remolding measure is around 20, then this concrete has a high
cement content; if, however, its penetration measure is still 4 in. but
the remolding measure is around 40, the concrete has a low cement con-
tent. Unfortunately, the practical application of this principle is
not reliable enough when the presently standardized methods for measur-
ing consistency are used, due to the high random variations of the
results of these tests. It is possible, however, that other consis-
tency tests can provide more reliable results.

31 Howdyshell, P. A., Evaluation of a Chemical Teennique to Deteymine
Water and Coment Content of Fresh Concrete, Presented at the 54th
Annual Mceting of the Transportatior Research Board, Washington,
D.C., January, 1975,

32 Chadda, L. R., "The Rapid Determinatior. of Cement Content in Con-
crete and Mortar," Indian Conerecte Jowrnal (August 15, 1955), pp
258-260.

*3 Ppopovics, S., "Consistency and Its Prediction," RILEM Fullctin, N
31 (Paris, June 1966). pp 235-252.
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DETERMINATION OF THE WATER CONTENT AND WATER/CEMENT RATIO

The earliest and simplest method for the determination of water
content of fresh concrete is to weigh a fresh concrete sample, then
dry it out by heating, weigh it again, and accept the weight differ-
ence as the water content of the sample. This methed is rather time
consuming and yet not very accurate.?“ Another method specified in the
B.S. 1881 determines the water as the difference between the weight
of the fresh concrete sample in air and the calculated weight of all
solids in air. This method is not accurate enough either under practi-
cal circumstances.

Chemical methods are also suitable for determination of the water
content. For instance, the amount of acetylene produced when an excess
amount of calcium carbide is added to the fresh concrete sample can
be used to calculate water content. In the Kelly-Vail method the
water content of fresh concrete is measured by observing the dilution
of chloride ions when a measur2d volume of a standard sodiun chloride
solution is mixed with the concrete sample.®5 Although this test is
again sensitive to the type of aggregate used, Howdyshell found the
results of this test representative of the water content, especially
of the amount of free water in the mixture.?®

Several other methods potentially suitable for the determination
of water content are raviewed by Monfore3’ as follows:

Thermal Conductivity Methods. The usual procedure is to heat a
slender specimen by means of an electric current and measure the rate
at which the temperature of the specimen increases. The higher the
water content in the specimen, the slower the temperature rise. Cali-
bration of equipment may be done in terms of water content.

Capacitance Methods. The dielectric constant of water is much
higher than that of the dry constituents of concrete. Thus, the higher

3 Forrester, J. A., "Review of Techniques for the Rapid Analysis of
Fresh Concrete," Departmental Note, DN/4008 (Cement and Concrete
Association, London, October 1968).

35 Kelly, R. T. and Vail, J. W., "Rapid Analysis of Fresh Concrete,"

Conerete (April 1968), p 140 (May 1968) p 206.

Howdyshell, F. A., Evaluation of a Chemical Technique to Determine

Water and Cement Content of Fresh Concrete, Presented at the 54th

Annual Meeting of the Transportation Research Board, Washington,

D.C., January, 1975,

37 Monfore, G. E., "A Review of Methods for Measuring Water Content of
Highway Components in Place," #Highway Research Record No. 342,
Environmental Effects on Concrcte (Highway Research Board, 1970)
pp 17-26.

36
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the water content, the greater the dielectric constant of the fresh
concrete becomes. The capacitance may be influenced by the presence
of salts in the water.

Microwave~Absorption Methods. The absorption of electromagnetic
radiation by a material is a function of the dielectric constant, thus
this method is closely related to capacitance methods. Measurements
are made by determining the attenuation of the radiation as it passes
from the transmitting horn antenna through the specimen to the receiv-
ing horn antenna. Calibration of the equipment for differing mixtures
may be necessary.

Electrical Resiagtance Methods. The electrical resistance of con-
crete decreases with the increase in the water content. However,
direct measurement of the resistance can provide erroneous data for
the estimation of the water content in the toncrete due to variations
in concentration of soluble salts. Such errors may be lessened by
embedding the electrodes in gypsum, and then embedding the gypsum block
in the fresh concrete. Thus, the water content may be calibrated in
terms of the electrical resistance of the gypsum block.

Finally, the water content of a fresh concrete sample can be
estimated by repeated consistency tests.’® The steps applied for the
slump test are as follows:

1. Determine the y, slump of the concrete sample
1

2. Mix a known wo amount of water to the concrete sample and
determine tye y> slump of this new concrete

3. Calculate the original W, vater content as
w

0
w =
! (yzlyl)o'] -1

Here again the random variations of the results of slump test are
so high that the calculated w) value is not reliable enough. It is
possible, however, that other, more reproducible consistency tests
would provide an acceptable estimate for the water content.

The water/cement ratio can be calculated from the actual cement
content and water content of the fresh concrete sample determined by

*8 popovics, S., "Consistency and Its Prediction," RI7LEM Bulletin,
No. 31, (Paris, June 1966), pp 235-252.
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any of the methods discussed earlier.?® Methods have also been pro-
posed for the direct estimation of the w/c ratio in the fresh concrete.
Since, however, these methods require the knowledge of the cement
content, or the mix proportion, of the sample for the calculation of
the water/cement ratio, they determine in reality the water content of
the samplc. That is, these methods do not differ significantly from
the methods discussed above.

One such a method, recommended by Thaulow"®, calculates the water/
cement ratio from the mix-proportion and from the weights of an air-
free concrete in air and under water since the weight of the water in
the concrete under water is iero. A variant of this method was
recommended by Orchard.“' Incidentally, a similar method is specified
in ASTM C 70 - 772 tor the rapid determination of the surface moisture
in fine aggregate.

Attempts have also been made to determine the water/cement ratio
by electrical resistance nethods."?>"? Here again such measurements
do not evaluate the water/cement ratio in reality but rather the water
content as compared to a previously calibrated sample. If the cement
content is known, this method can provide the water/cement ratio with
an accuracy of +0.5.%"

CONCLUSTIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

Despite the large amount of literature available on analyzing the
composition of fresh concrete, no definite conclusion can be drawn on
which method is best for the practical determination of cement and
water contents. Since the pertinent experiments are limited and were
performed under varying conditions, no meaningful comparison can be
made between the reported, sometimes conflicting results. Among the

3% Robertson, J. A., and Colquhoun, R. S., "'Instant' Testing of
Concrete Mixes," Civil Engineering and Public Woxks Review, Vol €4,
No. 754, (May 1969), pp 453-456.

“% Thaulow, S., "Field Testing of Concrete," (Norsk Cementforening,
Oslo, 1952).

“! Orchard, D. F., "The Effect of the Vacum Process on Concrete Mix
Design," Symposiwn on Mix Design and (Quality Control of Concrecte
(Cement and Concrete Association, London, May 1954), pp 107-131.

“2 Anon., “New Instrument Tests on Concrete Mix; Water-Cement Ratio
Found Electrically," Enginewring News-Record, Vol 150, No. 25
(1953), p 51.

“3 Naray-Szabo, I., and Szuk, G., "The Determination of the Optimal
Water-Cement Ratio of Concrete by Electrical Means," Acta Geologica,
Vol III, No. 1-3 (Budapest, 1955), pp 105-114.

“% Lorman, W. R., "Verifying the Quality of Freshly Mixed Concrete,"
Proceedings, ASTM, Vol 62 (1962), pp 944-959.
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nonnuclear test methods, some of the variants of the Dunagan and
Kelly-Vail methods have perhaps been most supported in the literature.

To establish a more definite judgment concerning the values of
the test methods discussed in this paper, a compara:ive investigation
is necessary which covers the most promising methods for determination
of the cement and water contents, or possibly the water/cement ratio,
of fresh concretes. This should include, of course, some of the
nuclear methods. Another area of future research is to improve the
existing methods and possibly to develop new, better methods.
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ABSTRACT

A chemical method of determining the cement and water content of
fresh concrete on site, within 15 minutes of sampling, is described.
The choice of analytical equipment and technique is outlined and de-
tails of the development given. The precision and accuracy of the
method under laboratory and site conditions are evaluated and a site
trial described. The experience of other users of the technique is
reviewed and the 1imitations of the method discussed. Full analytical
details of the method are given in the Appendix.
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THE KELLY-VAIL CHEMICAL TECHNIQUE
FOR WATER AND CEMENT CONTEMT

by

R. T. Kelly
P. J. Baldwin

INTRODUCTION

Traditionally, the methods used on construction sites in the
United .ingdom for evaluating the quality of concrete are tests ror
slump, density, and strength in compression of test cubes. The limi-
tations of these methods when applied to the day-to-day quality control
of concrete placed on site are well established. In particular the
cube test suffers two major deficiencies:

1. It is nonspecific

2. There is a considerable time-lag between the concrete being
placed and the availability of test results.

Experience within the Greater London Council (GLC) over a number of
years has shown that chemical analysis of cubes which had shown some
anomaly in the compressive strength test could reduce the limitations
imposed by the first of these deficiencies, but would add to the delay.

As a result of this work it seemed desirable to develop a method
which would analyze concrete before placing and hardening rather than
after the cube test results had been obtained. Such a method should at
the very least determine the cement content, since this is clearly a
key factor not only in strength attainment of the concrete but also in
its long-term durability. Preferably the method should also be capable
of estimating the water/cement ratio.

The approach by the GLC Scientific Branch in developing the tech-
niques described by R. T. Kelly and J. W. Vail! used the experience
gained in hardened concrete analysis and also took consideration of the
following:

! Kelly, R. T. and Vail, J. W., "Rapid Analysis of Fresh Concrete,"
Concrete (April 1968), pp 140-145, (May 1968), pp 206-210.
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1. The personnel available for the laboratory development were
essentially analytical chemists by training

2. Only very limited engineering workshop facilities were avail-
able

3. The technique evolved should be rapid (on the order of 10-15
minutes); cheap in manpower, equipment, and materials; capa-
ble of site operation; and present no significant safety
hazard.

DEVELOPMENT OF THE METHOD FOR CEMENT DETERMINATION

Consideration was given to the use of the method described in BS
1881 Part 2. The Scientific Branch had no experience of this method
as a site test, but its use was rejected because it was understood to
require up to 1 hour to complete, and required samples of the aggre-
gates for calculation of correction factors. These samples could not
readily be made available on Council sites. However, the principle of
separating the coarse material from the cement and fine siund by wash-
ing the sample through a nest of sieves was adopted. Experimentation
showed that a uniform suspension of the resulting cement/sand/water
slurry could be effected by powerful agitation and rapid recirculation.
The feasibility of obtaining a suitable sub-sample of the suspension
was also established.

In order that the cement content of the suspension could be de-
termined quickly it was “elt that a chemical analytical technique would
have to be used. It was not considered possible to use the well estab-
lished gravimetric or volumetric techniques and flame photometry was
the only choice capable of reaching the required speed of operation.

To use this it was necessary to avoid the delay inherent in the usual
sample dissolution techniques employed in cement analysis. It was
therefore necessary to establish that quantitative dissolution could be
effected by rapid stirring in the cold. Chemical determination of the
calcium oxide contents of solutions prepared by stirring 1 g samples

of cement with cold nitric acid in a high speed mixer for varying
periods of time established its feasibility.

Description of the Apparatus

A diagram of the apparatus which was developed for the preparation
and sampling of cement/water suspensions is shown in Figure 1. In
addition to the provision of powerful agitation and recirculation of a
relatively large 'rolume of suspension it was considered that the
apparatus for prepiration of the suspension should be robust and simple
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to operate, resistant to corrosion by alkaline solutions and scouring
by fine sand, and have no recesses in which cement could accumulate.
A1l of these requirements were provided in a domestic single-tub wash-
ing machine with side agitation. Provision for sampling of the sus-
pension is effected by a 125 ml glass pipette (with automatic levelling
device) fitted with a two-way tap. Discharging through this pipette is
a 100 ml automatic dispenser which enables the sampling pipette to be
flushed out with a known volume of acid. A further 300 m) dispenser
discharges directly into the cup of an ordinary domestic high speed
stirrer and allows direct dilution of the test solution.

Method of Analysis for Cement Content

Full details of the analytical procedure are given in the Appen-
dix: however, the major steps may be summarized as follows.

The tub of the agitator is filled with a known volume of tap
water and the agitator and pump started. Approximately 1 kg of con-
crete sample is placed on the nest of sieves and washed until visually
free of cement by spraying water from the recirculating hose. After 3
minutes' agitation and recirculation of the suspension, the stream from
the hose is diverted into the pipetting device until it is just filled.
The sub-sample is drained into the mixer cup and the pipetting device
flushed through with nitric acid from the 100 ml dispenser. The dilu-
tion water is added and dissolution effected by stirring the contents
of the mixer cup for 3 minutes. The calcium content of the solution is
measured on a flame photometer calibrated with tap water and standard
calcium solution immediately prior to measurement. Cement content is
determined by reference to a previously constructed calibration curve.

The average time taken for these operations by an experienced
operator was found to be just over 7 minutes.

Experimental Verification of the Method for Cement Determination

During development of the method described above, a number of
factors were investigated.

1. Efficiency of preparation of cement suspension in water.
Known weights of cement were slurried with water and added directly to
the water in the agitator tub. Samples were withdrawn from different
parts of the system after varying intervals of time. Determination of
the cement content of these, by analysis for calcium oxide, established
that a suitably homogeneous suspension was obtained after 3 minutes and
that this could be satisfactorily sampled via the recirculating hose.
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2. Calibration of flame photometer. Standard solutions prepared
by dissolving cement in cold nitric acid (1 percent V/v) gave a highly
reproducihle calibration curve provided that measurement was made with-
in two hours of dissolution. Difficulties were experienced in prepar-
ing flame photometer calibration standards with adequate stability
over long periods of time. These were overcome by using calcium car-
bonate solutions as standards. Tap water was used in the preparation
of all the standard solutions.

3. Determination of the cement content of test mixes. To deter-
mine the performance of the whole apparatus, the cement contents of
samples of known composition were determined by the method given in
the Appendix except that varying weights of samples were analyzed. The
mixes were prepared from weighed quantities of washed, dried aggregate,
tap water and ordinary portland cement, and the whole of the mix was
analyzed. The flame photometer was calibrated with the cement used for
the mixes. The results obtained are given in Table 1.

In the majority of cases two samples of suspension were taken for
each mix and analyzed for cement content separately.

DEVELOPMENT OF THE METHOD FOR WATER DETERMINATION

Pilot investigations showed that the more obvious physical pro-
perties such as electrical conductivity could not be determined with
sufficient accuracy by simple, inexpensive equipment. Drying tech-
niques were found to be time-consuming. Extraction of the water by
alcohol was shown to be feasible. Subsequent determination of the
water content of the alcohol extract was possible using the Karl
Fischer titration. The use of such a technique was rejected, however,
since adequate accuracy could only be achieved by a skilled analyst
using expensive and delicate apparatus. Tre method finally adopted was
based on the assumption that the water in fresh concrete is available
for intermixing with added aqueous solutions.

If a sample of concrete containing a volume of water A is inti-
mately mixed with a volume B of an aqueous solution of strength §,,
then provided that the solute is not absorbed by either the cement or
aggregate, the strength Sp of the intermixed solution is related to the
initial strength by:

B x S] = (A+B) 52

Thus if B and Sy are fixed and Sy is determined, A, the water content
of the concrete, can be calculated.

To measure this dilution effec., it was decided to use sodium
chloride as solute, it being cheap and its use having the additional
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Table 1
Determination of Cement Content of Fresh Mixes
Mean recovery (39 determinations):96.9% Standard deviation: 3.2

Range of recoveries: 90.8% to 105.8% Coefficient of variation of
recoveries: 3.3%

Weight of Wet Nominal Mix Water/Cement Actual Cement % Recovery

SNNEONNOMNMNNAAODW— O WY

Concrete  Proportions Ratio Content (g)

(k9) (by weight)

4.75 1:3:6 0.5 450 95.8, 97.
1.62 { IR I 0.5 360 103.8,100.
3.37 1:3:6 0.5 320 95.9, 95.
1.80 1:14:3 0.5 300 99.1, 99.
1.85 1:2:4 0.4 250 97.3, 97.
2.52 1:3:6 0.5 240 92.8, 90.
2.12 1:3:6 0.6 200 101.0,105.
1.90 1:3:6 0.5 180 101.6,101.
1.90 1:346 0.6 180 94.5, 97
1.90 1:3:6 0.6 180 97.2, 97
1.90 1:3:6 0.6 180 97.2, 99
1.90 1:3:6 0.6 180 97.2, 97
1.90 1:3:6 0.6 180 97.72, 97
1.90 1:2:6 0.6 200 93.9, 93
1.90 1:2:6 0.6 200 93.0, 95
1.90 15235 0.6 220 93.2, 93
1.90 1:2:5 0.6 220 97.5, 94
1.00 | INER U, 0.5 220 94.7
1.00 1:1:2 0.5 220 97.5
1.00 1:1:2 0.5 220 9.7
1.00 gl s 2 0.5 220 9.7
1.00 &l 32 0.5 220 99.0
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advantage that chloride ion in solution is readily determined by the
Volhury back-titration method. To facilitate the chloride determina-
ticii, constant volume dispensers were used.

Rapid intimate mixing of the added chloride solution and concrete

sample was effected by using an end-over-end shaker of the type which
has proved efficient for the examination of bituminous road materials.

Method of Analvcis for Water Content

Full details of the me*thod are given in the Appendix. Briefly, it
consists of weighing out two separate 1 kg samples of the concrete
and placing them in containers marked S and B. 500 ml of a salt solu-
tion of known strength are added to container S and 500 m1 of chloride-
free water are added to container B. The containers are sealed and
the contents shaken for 3 minutes in an end-over-end shaker. The
contents are allowed to stand for 3 minutes, samples of the supernatant
liquid removed by pipettes and their chloride contents determined by
Volhard titration. The water content of the concrete is calculated
from the chloride content of container S after correction for the
chloride content of B.

The aver.ge time taken by an experienced operator to complete this
procedure was found to be 7 minutes 30 seconds.

Experimental Verification of the Method for Water Determination

In developing the method the following investigations were carried
out.

1. Amount of sodium chloride and settling time. Experiments were
carried out to determine the optimum concentration of the solution and
the ratio of weight of concrete to added volume of solution. The
greater this ratio the more sensitive the method, but the longer the
settling time required to obtain a clear supernatant solution. It was
shown that a convenient volume of solution to use was 500 ml per 1 kg
of fresh concrete. The use of solutions of sodium chloride no weaker
than N/2 was fcund to be advisable in order that a sharp titration end
point cculd be obtained by back-titrating with potassium thiocyanate
solution one-tenth of this concentration.

2. Time of mixing. Using the method described in the Appendix
but varying the time of mixing, it was established that only 3 minutes
of mixing in the end-over-end shaker was required to obtain sufficient
intermixing of the salt solution and the water from the concrete.
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3. Determination of the water content of test mixes. To assess
the method's performance, the water contents of concretes of known
composition were determined as described in the Appendix. The test
mixes were prepared as for those used for verification of the cement
method. The results obtained are given in Table 2.

The results suggest a possible trend tc lower recoveries at
higher aggregate/water ratios, probably due to the absorption of water
by the oven-dried aggregates.

The results obtained for determinations made on 1 kg samples pre-
pared to the same specification and individually analyzed are given in
Table 3.

SITE EVALUATION OF THE RAPID ANALYSIS TECHNIQUE

To establish the feasibility of using the techniques developed
under site conditions a 5-month trial was carried out on a large con-
struction site in central London. The equipment was installed in part
of a small weatherproof hut used by the contractor for the preparation
of test cubes. Mains, electricity, water, and a drainage sump were
provided. Bottle gas was used tc operate the flame photometer.

Six mixes ranging from 1:4-1/2 to 1:16 nominal proportions, which
were either delivered to or made on the site during the 5 months of
the trial, were sampled and analyzed on a number of occasions. In
addition, test mixes of known composition were analyzed so that site
performance of the equipment could be compared with that in the labor-
atory. The test mixes were made from the same components as were used
for the site concrete. The aggregate, however, was oven-dried before
use. The whole of the test mix was analyzed to avoid sampling errors.
Results of the test mixes are given in Table 4.

Performance of the Equipment

The apparatus for the cement determination was operated &és de-
scribed in the Appendix. In order that any faults in the apparatus
might be diagnosed, cement/water slurries of known composition were
analyzed daily. Recoveries of between 95 percent and 105 percent were
considered to indicate that the apparatus was working efficiently.
During the trial period only two small faults were shown up. Both
occurred early in the trial and once corrected did not recur. The
only aspects of the equipment operation which required particular
attention were flushing out of the flame photometer atomizer with
distilled water between each measurement, and flushing out of the agi-
tator tub.
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Table 2
Determination of Water Content:

(A11 samples 1 kg)

Range of Water Contents

Nominal mix Actual Water % Recovery

Proportions (by weight) Content (g)

1:3 15 : 0.4 43 87.7
1¢38 . 5 : 0.4 43 89.9
1:1-1/2 : 3-1/2 : 0.7 107 97.9
1:1¥-1/2 : 3-1/2 : 0.7 107 96.7
1:1-1/2 ¢ 3-1/2 : 0.7 107 96.4
1 :1-1/2 : 3-1/2 : 0.7 107 97.0
h T : 2 : 1.0 166 97.6
) e 2 : 1.0 166 97.6
1:1 g 2 : 1.0 200 98.4
1:1 : 2 : 1.0 200 98.4

Table 3
% Recoveries for Determination of Water Content

(A11 samples consisted of a nominal 1 : 1 :

of water per kg of fresh concrete)

: 0.35 containing 80 cc

94.0 94.1
92.5 93.0
91+9 92.5
96.0 89.5

Mean recovery (16 determinations): 94.2%
Range of recoveries: 89.5% to 99.6%

Standard deviation: 2.3

Coefficient of variation of recoveries: 2.4%
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Table 4

Analysis of Test Mixes

Weight of Cement L Water
E;:csz'rzete Added Found Reco;ery Added Found Recovery
kg 9 g g q 4
] 140 139 99 75 78 104
1 122 126 103 100 99 99
1 140 150 107 70 n 101
] 185 187 101 115 110 96
1 153 158 103 90 88 98
1 175 172 98 80 81 101
1 190 180 95 100 102 102
1 118 110 93 100 102 102
1 168 169 101 82 85 104
1 157 155 99 93 99 106
1 130 134 103 70 75 107
1 130 135 104 70 75 107
1 150 147 98 90 95 106
1 127 127 100 cg 102 105
1 175 187 107 75 75 100
1.4 200 200 100 - - -
1.5 200 183 92 120 117 98
1.5 200 191 9 120 121 101
1.5 200 200 100 100 99 99
1.5 200 188 94 100 99 99
1.5 200 191 95 100 95 95
1 170 165 97 111 110 99
1 170 156 92 m 102 92
1 170 161 95 m 106 95
] 170 156 92 m 106 95
1 170 165 97 m 110 99
1 170 161 92 m 102 92
1 150 143 95 90 92 102
1 183 191 104 - - -
1 183 183 100 - - -
1 140 150 107 70 n 101
1 122 126 103 100 99 99
1 185 187 101 115 110 96
Cement determinations: Water determinations:
Mean recovery (33 Mean recovery
determinations) 99% (30 determinations) 100%
Range of recoveries 92-107% Range of recoveries 92-107%
Standard deviation 4,.6% Standard deviation 4.1%
Coefficient of varia- Coefficient of variation
tion of recoveries 4.6% of recoveries 4.1%
29
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No difficulty was experienced in performing the water content
determination as described in the Appendix.

Sampling

Several difficulties were encountered in sampling the ready-mixed
concrete delivered to the site. Since the delivery schedule was dic-
tated by the building requirements, the analyst had no prior knowledge
of the exact arrival time of a lorry, how soon after arrival it would
discharge its load, or the length of time it would take to discharge.
Attempts to randomize sampling on a formal basis were therefore not
possible.

The procedure adopted was to take either one or two samples per
load by holding a plastic bucket in the concrete stream during dis-
charge. The point from which the sample was taken (i.e., early, mid-
dle, or late in the discharge) was estimated after discharge was
complete. Approximately 20 1b of concrete was taken for each sample.
The whole of this sample was remixed before sub-sampling for cement and
water determinations.

Results

Only two of the mixes used on the site were sampled in sufficient
numbers to allow meaningful statistical analysis of the results ob-
tained. These were nominally 1 : 1-1/2 : 3 and 1 : 2 : 4 by volume.
Both were delivered to the site as ready-mixed concrete or were made on
site.

An analysis of variance was carried out on the results so that the
contributions of within-sample variation and within-batch variation to
the overal) variability might be assessed. Because of the sampling
difficulties encountered with delivered concrete it was only possible
to get sufficient data for determinction of the within-sample variation
for site-mixed concrete. For the purpose of analysis of the results it
was assumed that the within-sample variation for ready-mixed concrete
would be identical.

The within-sample variation was found to be the same order as the
analytical error obtained for test mixes. The main source of error at
sub-sampling level is therefore analytical error.

The overall within-batch variations include those arising from
mixing efficiency and within-sample variations. Analysis of the data
showed that the differences between the mean values of samples taken
from early, middle or late in the discharge were not significant
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(at the 95 percent confidence level) for either ready-mixed or site-

mixed concrete. Thus, despite observed variations throughout the load,
there was no apparent trend toward segregation in the mixer or during

%rg?spgrt. The calculated overall within-batch variations are shown in
able 5.

Table 5
Within Batch Variations

Mix 1 Mix 2

Water Cement Water Cement
content content content content

(g kg) (g ka) (g kg) (g kg)

Ready-mix

Standard deviation 5.8 11.1 5.3 6.3
Mean 78 121 81 103
Coefficient of variation 7.4% 9.2% 6.5% 6.1%
Site mix

Standard deviation 3.5 9.1 6.0 4.6
Mean 87 144.5 79 119
Coefficient of variation 4.0% 6.3% 7.6% 3.9%

The importance of these figures is that they permit calculation of the
Towest number of samples required to be analyzed if the estimated mean
value for the mix is to fall within stated limits of the true value.
For example, from the data obtained it was shown that the estimated
mean values for the 1 : 2 : 4 mix would fall within 40 1b/yd3 for the
cement and within 20 1b/yd3 for the water if six separate samples were
taken throughout the mix and the composition of the combined samples
determined after blending.

EXPERIENCE OF OTHER WORKERS USING THE CHEMICAL TECHNIQUES

Since the chemical technique was proposed by Kelly and Vail in
1968, a number of evaluations of the method have been carried out. In
1973 A. C. Edwards and G. D. Goodsall? reported on a field

? Edwards, A. C. and Goodsall, G. D., Field Investigation of a Method
for the Rapid Analysis of Fresh Concrete, Transport and Road Research
Laboratory Report LR 560 (1973).
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investigation of the technique. They examined one mix, designed to
have an aggregate/cement ratio of 3.93 and water/cement ratio of 0.47.
Iheaaggrﬁgate was quartzite-gravel and its maximum size was 20 mm

3/4 in.).

Four increments were taken from different parts of the load to
form each sample and two samples of about 20 kg were taken from each
3m3 load delivered. 1 kg sub-samples were obtained by coning and quar-
tering techniques so that two cement deterninations and two water de-
terminations were carried out for each sample. 10 loads were reported
on.

It was concluded that the repeatability of the cement determina-
tion was 2 percent of the total mix and that of the water determination
1 percent of the total mix. These were considered by the authors as
suitable for assessing concrete under site conditions. The cement and
water contents could be determined in 15 minutes.

In July 1974 P. A. Howdyshell® reported on a laboratory evaluation
of the Kelly-Vail technique. Investigations were designed to assess
the effect of aggregate type, aggregate moisture content, cement type,
and length of mixing time on the water content determination; and the
effect of aggregate type and aggregate grading on the cement content
determination.

The investigations confirmed that the chemical procedure was capa-
ble of determining cement and water content of fresh concrete within
about 15 minutes. They further indicated that the results obtained
could be used to predict strength potential of the concrete. Aggregate
type was shown to have a significant influence on the test results, but
the influence of aggregate moisture condition, mix proportions and
length of mix time were less significant. Even though the method was
sensitive to aggregate type, satisfactory results were obtained for
concrete made from both gravel and limestone aggregate. It was con-
sidered that the test results for water were a better measure of free
water than total water.

Experience gained by other workers has shown that several problems
have been encountered. Cement content determinations have been report-
ed as unsatisfactory when calcareous aggregate has been used and where
the calcium content of cement has varied considerably. The small
sample size used has presented sampling problems when the maximum ag-
gregate size has been greater than 20 mm (3/4 in.). Few difficulties
have been experienced with the water content determination although the
use of nitrobenzene on site has been considered undesirable by some
workers.

3 Howdyshell, P. A., Laboratory Evaluation of a Chemical Technique to
Determine Water and Cement Content of Fresh Concrete, Interim Report
M-97 (Construction Engineerinn Research Laboratory, July 1974).
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DISCUSSION

Difficulties associated with the use of the technique for cement
content determination of concrete containing calcareous aggregate may
be minimized in many cases. In the London area much of the aggregate
containing calcareous material used for structural purposes is sea-
dredged and the calcareous content is in the form of shell. Work has
shown that when marine sands (which may contain up to 30 percent by
weight of shell as calcium carbonate) are processed without being in-
corporated in a concrete mix, by the technique for cement content de-
termination the reading obtained on the flame photometer is very low.
Howdyshell and other workers have shown that, where representative
samples of calcareous aggregates are available, suitable blank deter-
minations can be carried out and meaningful corrections made to the
determined cement content. Where representative samples of aggregate
are not available it may be possible, in those cases where the calcium
content of the aggregate is essent:ally calcium carbonate, to carry
out a rapid volumetric carbonate determination. However, it is con-
sidered that at the moment this would need to be done by a more
experienced analyst than is required for the other procedure. However
development of a technique requiring less analytical skill is a pos-
sibility. Where difficulties arise from the variations of calcium
content of cement it may be possible to make allowance if detailed
knowledge and/or representative samples can be obtained, although
difficulty in obtaining such information on Council sites was one of
the reasons for developing the method in the first place.

Errors due to the sampling difficulties imposed by the use of
aggregates larger than 20 mm may be reduced by modifying the technique
for cement content. During development of the technique the question
of sample size was investigated. The upper limit on the sample weight
is governed to some extent by the need to prevent blocking of the nest
of sieves. If however a number of separate samples are processed in
sequence through different nests of sieves then the cement from several
1 kg samples may be collected in the tub of the agitator. Experimen-
tation has shown that up to 10 g/liter of cement may be suspended and

subsequently sampled by the apparatus.

Experience in the GLC Scientific Branch over a number of years has
shown that the precision of the water content determination is improved
by use of burettes for the titration of chloride. However, their use
would require a more experienced operator and a number of disadvantages
of the method would still remain. Among these disadvantages are:

1. Very large volumes of reagents are required

2. A laboratory back-up is essential

3. The use of silve ' nitrat. is very expensive
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4. The reagents for Volhard titration are highly toxic.

It is felt that use of a coulometric titration technique employing an
automatic instrument overcomes many of these disadvantages. Only a
few milliliters of reagent are required for each determination, the
method is quicker, requires less operation time and, being a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>